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A Challenge from Transverse Single-spin Asymmetries
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is spin-up(down) i f %
(Also commonly expressed as Ay) - ? ;H*
- A 7
LI +' e " S .'?E(.'...!..!..!..!..!...'...'...'..-!--!..!..!
Collinear pQCD at leading tin) 0:«}. : +.+\ AN NERR RN
predicts very small A, T, e
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Sizeable A, at forward pseudorapidity b 261 200 o)
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Measurements at RHIC in region where

NLO pQCD cross-section provides a reasonable description of the data
— Go beyond collinear pQCD at leading twist
- Insight into transverse polarization structure?
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Formalisms for Transverse Single-spin Asymmetries

Transverse Momentum Dependent (TMD) PDFs and FFs

Collinear Twist-3 PDFs and FFs Non-zero asymmetry from multi-parton

!

P P! P! correlation functions
e.g. Qiu and Sterman, PRL 67, 2264 (1991); PRD 59, 014004 (1998)

Correlators closely related to k-

» p P moments of TMDs
Y. Koike, RSC Discussion (2004) Boer, Mulders, Pijlman, NPB 667, 201 (2003)
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Formalisms for Transverse Single-spin Asymmetries

Transverse Momentum Dependent (TMD) PDFs and FFs

Sivers mechanism: asymmetry in Collins mechanism: asymmetry in
the forward jet or y production the forward jet fragmentation
D. Sivers, PRD 41, 83 (1990); 43, 261 (1991) J. Collins, NP B396, 161 (1993)

SP <SP . (p X kT,parton) > 20 SP <Sq ' (p X kT,Tt) > #0

kT,parton
Sensitive to
p p transversity (h,)
\p

Sensitive to proton spin-

P :
parton transverse motion m* Kinematic Variables g Ky
: Z =pﬂ/p'e q T
correlations (needs Lz) \ Jr (kg ) =T pr relatijvte to jet axis X

Collinear Twist-3 PDFs and FFs Non-zero asymmetry from multi-parton

1 t t

p p P correlation functions
e.g. Qiu and Sterman, PRL 67, 2264 (1991); PRD 59, 014004 (1998)

Correlators closely related to k-

» p P moments of TMDs
Y. Koike, RSC Discussion (2004) Boer, Mulders, Pijlman, NPB 667, 201 (2003)
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Transverse Asymmetries for Quark Jets

Asymmetry modulations

sensitive to various contributions
(often involving transversely
polarized quarks or linearly
polarized gluons)

A, r— Transverse single-spin
asymmetry (also written A,)

Transverse Momentum Dependent (TMD) Approach

Ter?;;r}guqn;cir::gz:::‘;MD English Names Modulation
ANfa/AT * fos * Dy, Sivers ¢ PDF o FF Sin(¢sA)
hf * ANbe,B * Dn/q Transversity ® Boer-Mulders o FF sin(¢SA)
h#l ° ANf,,1,B *D,, Pretzelocity ® Boer-Mulders o FF Sin(qﬁSA)
hf ° fb/B * AND”/qT Transversity ® PDF ¢ Collins sin(gi)SA - ¢H)
ANfa,AT y ANbe,B 'AND,,,qT Sivers ¢ Boer-Mulders e Collins sin(qﬁSA —¢H)
Anselmino et al., PRD 73, 014020 (2006) hir® fos® AND,,,qT Pretzelocity « PDF » Collins | in (@, +@, )
B L NN oy ey [P p .
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Transverse Asymmetries for Quark Jets

Asymmetry modulations

sensitive to various contributions
(often involving transversely
polarized quarks or linearly
polarized gluons)

.
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.et®
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Pe

A, — Transverse single-spin
asymmetry (also written A,)

Transverse Momentum Dependent (TMD) Approach

Terms in Numerator of TMD

SSA Scatteri English Names Modulation
[ ANfa/AT * foip * D Sivers e PDF o FF sin(q)SA)
qu Transversity  Boer-Mulders ¢ FF sin(qﬁSA)
iy ® ANf1 .*D,, Pretzelocity  Boer-Mulders ® FF sin( @y

Transversity ® PDF e Collins

aat pig o Tagt| Sivers e Boer-Mulders o Collins | SIN{@s, =@y
Anselmino et al., PRD 73, 014020 (2006) hir® fos® ANDW Pretzelocity « PDF » Collins | in (@, +@, )
F. Yuan, PRL 100, 032003 (2008) m 5 5 )
D’Alesio et al., PRD 83, 034021 (2011) Aot *B s *B7 D, 1| sivers o Boer-Mulders « Coliins | sin(s, + ¢ )
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Transverse Asymmetries for Gluon Jets

.
»s®

Anselmino et al., PRD 73, 014020 (2006)
F. Yuan, PRL 100, 032003 (2008)
D’Alesio et al., PRD 83, 034021 (2011)
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Asymmetry modulations
sensitive to various contributions

.
.t
RS e
.
PeY

polarized gluons)

(often involving transversely
polarized quarks or linearly

A, r— Transverse single-spin
asymmetry (also written A,)

Transverse Momentum Dependent (TMD) Approach

Terms in Numerator of TMD
SSA for gg Scattering

English Names

Modulation

ANf;l/AT * ﬁ/B * Dﬂ/g

Sivers ® PDF e FF

sin (¢SA )

- o AN °
ImF; _*A fo/B D,,

a+—

Transversity-like
e Boer-Mulders-like ® FF

sin (¢SA )

+ o AN °
ImF, A leb/B D,,

Pretzelocity-like
e Boer-Mulders-like ® FF

sin (q)SA )

ImF;_*f,,*A"D

T}

Transversity-like « PDF
¢ Collins-like

sin ¢SA -2¢,

Sivers ¢ Boer-Mulders-like

N N N .
A fa/AT *A fT{’/B *A Dﬂ/T‘f e Collins-like Sin ¢SA =29y
e o AN Pretzelocity-like ® PDF
ImFa+- fb/B A Dn/T{g ¢ Collins-like

N o AN o AN
A fa/A* A fT{’/B A"D

wlT§

Sivers ¢ Boer-Mulders-like
Collins-like

(5, ~20)
(95, ~20x)
sin(q)sA +2¢, )
(5, +20)

sin o5, + 2¢,
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Transverse Asymmetries for Gluon Jets

RS e

Asymmetry modulations
sensitive to various contributions

.
“““
.
Pe

polarized gluons)

(often involving transversely
polarized quarks or linearly

A, — Transverse single-spin
asymmetry (also written A,)

Transverse Momentum Dependent (TMD) Approach

Terms in Numerator of TMD

A" o A" AYD ivers e Boer-Mulders-like sin ~
Anselmino et al., PRD 73, 014020 (2006) Tun *8 o _ i} * Collins-like 1 =tk
F. Yuan, PRL 100, 032003 (2008) ImF.} ¢ f,z*A"D . Pretzelocity-like + PDF sin(¢s, +26, )
D’Alesio et al., PRD 83, 034021 (2011
( ) ANf ° ANf *AVD Sivers e Boer-Mulders-like o sin(¢ +2¢ )
UNCONSTRAINED! [ Joun *4 /rya *A Doy Celfins e 5+ 24
Transverse Polarization Structure at STAR - Drachenberg 7

SSA for 28 Scattering English Names Modulation

ANfa/AT S T © Dmg Sivers ¢ PDF o FF sin(q)SA)
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Transverse Asymmetries from Di-hadrons

Another path to transversity: Di-hadron Asymmetries

Sat

sin(@gs ) £ Survives in collinear
AUT X hl ® H 1 framework

” rs = Pr— Ps
, - J/ Angle between polarization vector
\ R / .
and di-hadron plane
Ph,2 ya P
/ —“Interference Fragmentation Function”

arXiv:1504.00415 e.g. Bacchetta and Radici, PRD 70, 094032 (2004)

00 0Z0Z00000000000m0m0m0m0m0m0m0m0m0909B9B9B9B9B9Z9Zm & 59590909090 0 0 0 0 0 0 0 0 0 09090m0m0m0mmOmmmmnmnm©©
Transverse Polarization Structure at STAR - Drachenberg 8



Transverse Asymmetries from Di-hadrons

Another path to transversity: Di-hadron Asymmetries

Sat

sin(@gs ) £ Survives in collinear
AUT X hl ® H 1 framework

? Prs = Pr - ?S
- / Angle between polarization vector
R / and di-hadron plane
////
£ é‘@ —“Interference Fragmentation Function”

arXiv:1504.00415 e.g. Bacchetta and Radici, PRD 70, 094032 (2004)

Studying both jet+hadron and di-hadron

asymmetries over range of collision energy:
* Extend kinematic reach beyond existing measurements
* Probe evolution of transversity and TMDs

* Probe open theoretical questions, e.g. TMD factorization-
breaking and universality
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Solenoidal Tracker at RHIC

O RHIC as Polarized-proton Collider

| * “Siberian Snakes” = mitigate depolarization resonances
Spin rotators provide choice of spin orientation
independent of experiment

Spin direction varies bucket-to-bucket (9.4 MHz)

Spin pattern varies fill-to-fill

PHOBOS /4

renx 7 \ L F Jet and di-hadron measurements:
R Al TPC + Barrel + Endcap EMC

Jet trigger on
calorimeter energy

Jet reconstruction

 calorimeter towers
e TPC tracks
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Sources of Systematic Uncertainty

Systematic uncertainties:
* Jet+pion event kinematics corrected to PYTHIA particle level
* Energy-scale uncertainties from calorimeter gains, response, efficiencies, etc.
* Charged-particle momentum resolution
* Trigger bias: jet trigger more efficient for quark-jets than gluon
* Resolution of relevant azimuthal angles
* “leak-through” of other moments of A j;
* Pion contamination from K/p and e*
Polarization uncertainty (correlated vertical scale uncertainty of 3-5%)

% 106 E [ e Particle Quark Fraction
E - i ———— Detector Quark Fraction
2 10° oo T i
g‘) E - emeeeee- Particle Gluon Fraction
g 4 - 0.6— — Detector Gluon Fraction +
8 10 % . S
10°- [JPO Trigger L +_?_ —%
c —+— Data - B
1° +  Embedded Monte Carlo 0.5 1
jol.  P+P—jet+Xat Vs =500 GeV i 4
% 1<n, <1 Antik;with R=0.5 . ~+— """"" |
| :3 E ‘ ‘ 0.4 + ' """""""
2" Cptp—jet+m+ X b
= 1R
o L
o Vs =200 GeV
D 0'5 : | ‘ 1111 ‘ 111l ‘ | - ‘ 111l ‘ 1111 ‘ 111l ‘ 111l ‘ 1111 ‘ 111l I | | | | I | | ) | I | | | | I ) ) ) ) I ) ) ) ) I )
10 15 20 25 30 35 40 45 GSOV/ 55 5 10 15 20 25 30
P . [GEV/C] Jetp. K. Adkins, APS2015
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STAR Transverse Asymmetries at Central Pseudorapidity

STAR measured transverse single-spin asymmetries at
central pseudorapidity from =2 pb at Vs =200 GeV (2006)

Transverse Polarization Structure at STAR - Drachenberg
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STAR Transverse Asymmetries at Central Pseudorapidity

STAR measured transverse single-spin asymmetries at
central pseudorapidity from =2 pb at Vs =200 GeV (2006)

[ = Asymmety . : STAR Prelimina
m : A Asymmetry : n— data horizontally offsetforcl:;x
S . ]
| r I J +
A C .}
S T e ) —%ﬁﬂz ___________________________________
S L —h— —+—.
N b _svs! rta : uncertainties
: : Systematic effects contributing to <1% of total uncertainty excluded ; RHIC 2006 \jg =200 GeV
- R. Fatem| AIP Conf Proc 1441 233 I PP = Jet(r) + X; Jot 210 GoV
_01 sl L N . Ll Ll Y B
0. 2 0. 4 0 6 O. 8 10-1 . 1 1
z iz (GeV)

Hints of non-zero Collins asymmetry
with charge-sign dependence

Inclusive-jet and di-jet asymmetries at central

psuedorapidity consistent with zero
PRL 99, 142003; PRD 86, 32006
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STAR Transverse Asymmetries at Central Pseudorapidity

STAR measured transverse single-spin asymmetries at
central pseudorapidity from =2 pb at Vs =200 GeV (2006)

<'5 0.04[— pt+p — n*t+x, Vs= 200 GeV

0.03— +

C A0'1E =« Asymmetry . - STAR Prellmlnary
0'02,_ m . Asymmetry ta horizontally offset for ¢
g S L o
0.01 + IVJ C I +
: AN B + +
o1 T TR | e
- arXiv:1504.00415 2 et
'0'01;' e e e e e L e b < : Systematic effects contributing to <1% of total uncertainty excluded - RHIC 2006 Vs = 200 GeV
0_52_ o(z) - R. Fatem| AIP Conf Proc 1441 233 [ PTP o etiw) + Xijet p, 210 Gev
04 e © ° B B S ¥ T, R 10
03¢ . z it (GeV)
0.2 ° o
0.1 *
08 06 04 02 0 02 04 06 08 . .
significant] ) Hints of non-zero Collins asymmetry
ignijican non-zero . .
.g y ] with charge-sign dependence
di-hadron asymmetries
for cha rged pions at Inclusive-jet and di-jet asymmetries at central
- 1: psuedorapidity consistent with zero
Central pseUdorapldlty PRL 99, 142003, PRD 86, 32006
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STAR Transverse Asymmetries at Central Pseudorapidity

STAR measured transverse single-spin asymmetries at
central pseudorapidity from =2 pb at Vs =200 GeV (2006)

< Y00 plep > atew, Vs= 200Gev
o.osf— +
- AM' Asymmetry . STAR Preliminary
0_02— m A Asymmetry n— data horizontally offset for clarity
g < L
0.01 + + L} J }
- s B + L e e
arXiv:1504.00415 | ‘@ pw ‘ e
o01= L1 S— E— < : oma certainty excluded |- RHIC 2006 \'s = 200 GeV
0.5F o(z) - R. Fatemi, AIP Conf Proc. 1441, 233 | PTP = Jet(x) + X;jetp 10 Gev
E - iaa il il L M| L IR L Ll
04 o) © ° 01 04 0% 08 1001 10
z jr (GeV)
0.2
0.1F
08 -06 04 -02 0 02 04 06 08
Non-zero Collins + Di-hadron Asymmetries
-> Access to transversity in p+p!
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Recent Polarized-proton Datasets at STAR
2011 2012

o 25 pb?atvs =500 GeV 22 pblat+vs =200 GeV
* Average polarization =53% * Avg polarization = 63%
Compare to =2 pb* at 57% polarization in 2006
0.3 T — 1 0.2¢
| /;‘ 1 - p+p —jet+ "+ Xat \s =200 GeV " mxg>0
= 0.2 F Q°=2.41 GeV? /\ 1 %18 pyTHIA6.4.22 mx, <0
=1 0.1 1 %/\ ] 0-16;_ Perugia 0 Tune * *
g ( ——— = 014 *Excluded: +
> 0.1 s 1 oof. @—aT y o
I | ] "°E da-ag
# — { 01— 99— + u
AN 1 o008 4 - *
> i =———— ] -
5 0 f B 7— 0.06E * .
qi- -0.1 ] b"/’ 1 004 - -
< - ’ 2013 ——— 0_02:— +_*_ -
0.2 } ] m .
: 2008 -----  JK.Adkins APS2015 ...
-0.3 0325 =2 = 15 1 05 TN
0.001 0.01 0.1 1 Log(x)

Torino, PRD 87, 094019 (2013)

Access to transversity in region with limited constraints
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New STAR Results at Vs = 200 GeV

Transverse Polarization Structure at STAR - Drachenberg

o.0a- [m]m* STAR Preliminary
. Xg>0
- [Ea T

F L L

] o ! ¥
L O g
% 5 L |

<

p'+p — jet+ x* + X at Vs =200 GeV

-0.04- 5.6% Scale Uncertainty Not Shown

| L L L L | L s s L | L L L L
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0.75—
L 1 K- ittt et ittt
i n n " " 1 + n + n Té_‘. n N " 1 N " n n 1 " " " " 1 "
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1.5
. L e e e B e
b o A A
n n " " 1 n L L n 1 n n n 1
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B 20
Particle Jet P, [GeV/c] 1K

Adkins, Spin 2014

First observation of
Collins asymmetry in p+p!
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New STAR Results at Vs = 200 GeV

004 [=]m* STAR Preliminary
- Xg>0
- [=]n
= L } ¥
| N i. ....... LA + + .............................
55 i L
< [ L]
I~ p'+p —jet+ n* +Xat Vs =200 GeV
-0.04— 5.6% Scale Uncertainty Not Shown
L - L L L
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- 16—
o -
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U N e
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10" . 1
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STRONG dependence upon |,

Jrain = 2% ARy X (P
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o.0a- [m]m* STAR Preliminary
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- [== ‘
- | ]
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o o ! }
O g e
25 | L |
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-0.04- 5.6% Scale Uncertainty Not Shown
L | | L | L L 1 | L L 1
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0.75
N QB e e e e
i A e e A e e
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15
. L e e e B e
LR s e
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PartcheJetp [GeV/c] J.K. Adkins, Spin 2014

First observation of
Collins asymmetry in p+p!
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< 0.06

New STAR Results at Vs = 200 GeV

P'P - 7ntn™ + X at v/s = 200 GeV

- 0.08[ —
- [ety=0ss |0 LTAR preliminary +
- |®"(n)=-0.84
0.04 ¢
B 8
0.02
A
0:_* ....... *...-.-....‘. ............. + ............................ +. .....
= K. Landry, APS 2015
- P U S U R |
0.02 " . .

10
p;” [GeV/c]

Significant, high-precision
di-hadron asymmetries
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o.0a- [m]m* STAR Preliminary
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< b
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5 10 25 30

15 20
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First observation of
Collins asymmetry in p+p!
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STAR Results at Vs = 500 GeV

2012 STAR data provide much higher precision and
greatly reduced systematic uncertainties at Vs =200 GeV

. g9 qg

=
I'--
.
P
D

pp—jet+X
NLO CTEQ6M

Anti-kT R=0.6
ni<1

Subprocess Fraction
o
=Y

1 al
qq+qq’

0.1
Solid: Vs=200 GeV

Dotted: Vs=500 GeV

2011 STAR Data:

first measurements
of central pseudorapidity
asymmetries at Vs = 500 GeV

— Increased sensitivity to
gluonic subprocesses
—> Push to higher p . for

. kinematics comparable

=)
OrTTTT

0.05 0.1 0.15 0.2 0.25
. Chang, DNP 2013

N

Transverse Polarization Structure at STAR - Drachenberg

03 035 04 045
Jetx, (=2p_/Vs)

0.5

to 200 GeV
- Probe TMD evolution?

20



STAR IFF Results at Vs = 500 GeV

sin( O )
ur
o
(=]
ﬂ

0.06 |- pT+p Srm+X
o (pT) (GeV/c)
0.05 O
= TR
ooaF- M >0 * 3
0.03F ‘} } o 4
0.02 E— % +
0.01F i b !
5 _i _______ S
-0.01F
FIIIIlIlIlIlIIIIIllIIIlllllllllllllllllllllll
02 04 06 08 1 1.2 1. 16 18 2 22 24

I

< ' Run2011Ys =500 Gev

l l

M . bin boundaries

STAR preliminary

M. Skoby, Spin 2014

M (GeVic)

Significant non-zero
di-hadron asymmetries at
Vs = 500 GeV!

* Increasing with pion p;
* Enhanced around p mass

00 0Z0Z00000000000m0m0m0m0m0m0m0m0m0909B9B9B9B9B9Z9Zm & 59590909090 0 0 0 0 0 0 0 0 0 09090m0m0m0mmOmmmmnmnm©©
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STAR IFF Results at Vs = 500 GeV

:! - B | IM bin boundarlles [ Y L
SO mnanfeasooGew T STAR preliminary Significant non-zero
0.06F p+ponn+X . .
00SE i di-hadron asymmetries at
orf [1_20 Vs =500 GeV!
0.03F b . 4 _ _ _
002 & i * Increasing with pion p
°-°; iiii§<} _____________ P * ______ * Enhanced around p mass
oo
oo oo b by b b Lo by g by Laa gl
02 04 06 08 1 1.2 1. 16 18 2 22 24
M. Skoby, Spin 2014 M (GeVic)

= 0.08

oD - ° =10.49 GeV/c
< - boolee)
0.06 — + " (p,) = 3.57 GeV/c

- STAR prelimi
0.0a]- preliminary ¢

: Similar behavior observed
s T in Vs = 200 GeV

e
PP - 7nm7n~ + X at /s = 200 GeV

. - .
0.02 0.5 1 1.5
K. Landry, APS 2015 M. [GeV/c?]
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STAR Collins Results at Vs = 500 GeV

pt+p—jet+a" + X

- | STAR Preliminary
7]
o -
Lo t
wm 2D
o }
o 4
O —--mmm e e e
i o [%] E+]
B 0
_005 - Closed points: n“;IOpen points: II:[L] | | | |
0.05 ;— I s =500 GeV, (p, ) =31.0 GeVic
S
-0.05 f—

0.2

0.4 0.6
Y4

gy

O/NeD €'

/NSO C°€

Non-zero Collins

asymmetries observed

at Vs = 500 GeV!

e Strong dependence on

ARmin (iT,min)
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STAR Collins Results at Vs = 500 GeV

pl+p —jet+a" + X

’i: 0.05_— STAR Preliminary ”L 35 Non-zero Collins
S5 | | # asymmetries observed

at Vs = 500 GeV!

e Strong dependence on

o

I I l

ok, |

—B—

=0
—O— —@—

—O—

O/NeD €'

Alen (]T mln)
I [l i * Consistent with Vs = 200
0,055 [— e P Open pom £ 1 l GeV results for consistent
E =200GeV, (p_) =129 GeVic
0.05 — ﬂr 500 GeV’, (p,_ ) =31.0 GeVie "3 cuts and xT
o 3
-0.05 —
- , . , -y , . . .
arXiv:1501.01220 0.2 0.4 0.6

Z
At the current precision, Collins results from p+p
appear consistent with x, scaling
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STAR Collins Results at Vs = 500 GeV

sin(¢,,)
o
3

uTt

-0.05

0.05
0
-0.05

pl+p —jet+a" + X

| STAR Preliminary ”#
B
B [l [J‘
Closed points: =t*; Open points: v
_ | 1 :I L |
E e Vs=200GeV, (pm) =129 GeV/ic
:_ . Vs =500 GeV, (p, 0 =310 GeVic
S N S * .................................
arXivi1501.01220 0.2 | 0.4 | " 06
Z

- oy

O/NeD €'

O/N8D C°E

Non-zero Collins

asymmetries observed

at Vs = 500 GeV!

e Strong dependence on

ARmin (iT,min)

e Consistent with Vs = 200

GeV results for consistent
cuts and x;.

Suggestion of slow TMD evolution from 200 to 500 GeV?
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STAR Collins-like Asymmetries at Vs = 500 GeV

c 0.6 3
2 § - pl+p—jet+n
0 N ' B I- =
E o5 :_ 3‘0 0.02 __ Anti-k;, R =0.
- u £ k=
7] [ w 2
8 04— - L‘:E
3 E -
g F -
5 0.3 ; -0.02 —
- . B 0 <N < 1
0.2[— | |
- . e wt
[~ 0.02 —
0.1 - (o]
- 0 O
0g : ;
-0.02 :— 1 <n,, <0
Gluon helicity density matrix 01 0.2

1 1 + })circ _})line_zi¢
2 _[)linezi(p 1 - f)circ

Off-diagonal terms related to linear

Phys Rev. D 73, 014020 (2006)
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*TAR Preliminary

iR

L | L
0-3
J. Drachenberg, PANIC 2014

500 GeV provides opportunity to probe
effects (e.g. gluon linear polarization) with
polarization in (xy) plane at angle ¢ to x-axis - ephgnced sensitivity to gluonic subprocesses
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STAR Collins-like Asymmetries at Vs = 500 GeV

Maximized contribution o= - p'+p — jet + 7 + X at Vs = 500 GeV
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FIRST MEASUREMENT!  'Peoereere ez
Present data sit well below maximized contribution of ~2% at low z
Present data should provide first constraints on Collins-like effect
(sensitive to linearly polarized gluons)
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Summary

 STAR measurements play a vital role in understanding nucleon
spin structure
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Summary

 STAR measurements play a vital role in understanding nucleon
spin structure
* Transversity and transverse-polarization phenomena
- First observations of transversity in polarized p+p!
- Collins effect consistent with x, scaling from 200 to 500 GeV
= |mplications for TMD evolution?
" |mplications for factorization-breaking and universality?
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Summary

 STAR measurements play a vital role in understanding nucleon
spin structure
* Transversity and transverse-polarization phenomena
- First observations of transversity in polarized p+p!
- Collins effect consistent with x, scaling from 200 to 500 GeV
= |mplications for TMD evolution?
" |mplications for factorization-breaking and universality?

- First investigation of gluon-sensitive asymmetries in jets at central
pseudorapidity and Vs =500 GeV

» Very small inclusive jet A further limits on gluon Sivers?
» First ever measurement of “Collins-like” effect from
linearly polarized gluons: small within current precision
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Summary

 STAR measurements play a vital role in understanding nucleon
spin structure
* Transversity and transverse-polarization phenomena
- First observations of transversity in polarized p+p!
- Collins effect consistent with x, scaling from 200 to 500 GeV
= |mplications for TMD evolution?
" |mplications for factorization-breaking and universality?

- First investigation of gluon-sensitive asymmetries in jets at central
pseudorapidity and Vs =500 GeV

» Very small inclusive jet A further limits on gluon Sivers?
» First ever measurement of “Collins-like” effect from
linearly polarized gluons: small within current precision

Stay tuned for more new STAR jet and di-hadron results
from the 2015 RHIC Run!
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Back-up Slides
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Inclusive Jet Asymmetries at 500 GeV

Jets correctedto 2 ! i - -
£ p'+p—jet+ X at Vs =500 GeV | o
particle-jet p, £k 0.02_— At R =06 i *TAR Preliminary
Corresponding < + | - { |
parton-jet p; lower 01 ++H + * +
by 0.3-1.2 GeV/c 'y t || +++ 1 tyd *
Anti-k;, R = 0.6 [ I
-0.02— -1<T]jet<-0'5 — -0.5<niet<0
Horizontal Systematics: A
* M.C. statistics 0.021- B
* calorimeter gains - + - +
 efficiencies . + * + * * *
e track momentum °j} + }+ ¢4 t + [ + + *
* tracking efficiency - + + +
I LI !
Vertical Systematics: % 0<n, <05 [ 05<n, <1
* Parton-jet matching 020 30 40 50 |1|0I — |2|0I — |3|0I — |4|0| — I5|0 I
* Acceptance-related No sign of large asymmetry at Vs =500 GeV
distortions - Consistent with measurements at v's = 200 GeV
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STAR Inclusive Jet Asymmetries at Vs = 500 GeV

?m - p'+p—jet+ XatVs=500GeV ® STAR Preliminary
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No sign of large asymmetry at Vs = 500 GeV
- Consistent with measurements at v's = 200 GeV
- Enhanced sensitivity to gluonic subprocesses

- Theory predictions expect small effects
e.g., Kanazawa and Koike PLB 720, 161 (2013) shown in red
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STAR Transverse Asymmetries at Central Pseudorapidity

PRL 99, 142003 (2007)

& o08F a  Vogelsang & 1o —— ] Sivers effect in di-jet production
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Observed di-jet asymmetries much smaller than observed at SIDIS
— Cancellation of initial vs. final state interactions, u vs. d quark
effects, and small gluon Sivers effect?
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